We developed a gas-chromatographic method to determine urinary mannitol and lactulose. The procedure for purification of urine by a resin was optimized for purification of analytes and high recovery; the aliquot of resin chosen (500 mg) was kept in contact with the urine for 1 mm. The recoveries of mannitol and lactulose were >85% at concentrations that include both normal and pathological values. Sugars were converted to oximes before the silylation step to avoid multiple peaks for the anomeric forms. The calibration was linear over the range 0.1-1 g of sugar injected. Analytical recovery of the sugars ranged from 90% to 95.3% for mannitol and from 90.4% to 95.8% for lactulose. The mean within-day imprecision (CV) was 6.2% for mannitol and 4.7% for lactulose; the between-day CV was 6.7% for mannitol and 5.1 % for lactulose. A lactulose/mannitol ratio of 0.035 completely differentiated 28 normal children and 28 children with active gluten-sensitive enteropathy, whose mean ratios were 0.022 (SD 0.007) and 0.084 (SD 0.054), respectively.
We developed a gas-chromatographic method to determine urinary mannitol and lactulose. The procedure for purification of urine by a resin was optimized for purification of analytes and high recovery; the aliquot of resin chosen (500 mg) was kept in contact with the urine for 1 mm. The recoveries of mannitol and lactulose were >85% at concentrations that include both normal and pathological values. Sugars were converted to oximes before the silylation step to avoid multiple peaks for the anomeric forms. The calibration was linear over the range 0.1-1 g of sugar injected. Analytical recovery of the sugars ranged from 90% to 95.3% for mannitol and from 90.4% to 95.8% for lactulose. The mean within-day imprecision (CV) was 6.2% for mannitol and 4.7% for lactulose; the between-day CV was 6.7% for mannitol and 5.1 % for lactulose. A lactulose/mannitol ratio of 0.035 completely differentiated 28 normal children and 28 children with active gluten-sensitive enteropathy, whose mean ratios were 0.022 (SD 0.007) and 0.084 (SD 0.054), respectively. After derivatization, the samples were analyzed by gas chromatography.
To assess recovery, we mixed 1-mL aliquots of sugarfree urine with 1 mL of solution B and treated the mixtures with the scalar quantities of resin previously described.
We then added 100 L of solution C to 100 L of the supernates, and dried and processed the aqueous samples as described above. Statistical analysis. Statistical analysis was performed with the Mann-Whitney U-test for nonparametric data.
Clinical Studies

Patients.
To evaluate the procedure described, we studied 56 children of both sexes: 28 control children (12 boys and 16 girls), ages 2-15 years (mean 9, SD 5.3 years), without evidence of gastrointestinal or systemic disease; and 28 patients (10 boys and 18 girls) with active GSE, ages 3-16 years (mean 10, SD 4.7 years). In each case the diagnosis was based on the European Society of Pediatric Gastroenterology criteria (22) . L /M test. The subjects followed a diet free of mannitol, lactulose, mannose, and fructose for 24 h before the test (17, 23-25) .
After an overnight fast, the subjects voided a pretest urine sample and then ingested (0.55 mL/kg body weight) a solution containing 18.2 g of mannitol and 18.2 g of lactulose in 100 mL of deionized water. We used a hypertonic solution (1500 mosmol/L) because hypertonicity increases the absorption of intact disaccharides (26) (27) (28) and enhances the sensitivity of the test (26). After 2 h from the beginning of test, the subjects were encouraged to drink -100 mL of water to ensure adequate urine production. All urines voided in the subsequent 5 h were collected with sodium azide as a preservative. The volume was recorded and an aliquot was kept at -20#{176}C for subsequent analysis. After the frozen urine aliquots had reached room temperature, 1 mL of urine was shaken with 500 mg of resin; 100 .tL of this supernate was then added to 100 LL of internal standard solution, dried, and processed as described above.
Results
Analytical Performance
Linearity.
The linearity of the method was tested for mannitol, inositol, lactulose, and turanose, inositol and turanose being tested for their suitability as internal standards.
After derivatizing 10, 20, 50, and 100 L of solution A, we injected 2 L of each sample twice directly into the gas chromatograph. This procedure was repeated three times. A linear response ( Added amount.
Mean ± SD recovery, % Interferences.
No overlapping peaks were found in a chromatogram from a solution containing glucose, fructose, galactose, mannitol, inositol, lactulose, and turanose (Fig. 2) . Urine purification and recovery. Table 1 shows the   mean recoveries at different resin amounts.
The best results were achieved with 500 mg of resin, which yielded chromatograms free of interferences ( Fig. 3 ) and gave average recoveries of 91.5% (SD 4.3%) and 92.5% (SD 5.2%) for mannitol and lactulose, respectively (n = 4 trials).
We tried also to optimize the contact time between 83.3 ± 6.4 Table 2 .
Clinical Results
The subjects' results are expressed as the percentage of mannitol and lactulose recovered in the urine samples and as the JIM recovery ratio. The control subjects showed a mean mannitol recovery of 15.61% (SD 5.8%) and a mean lactulose recovery of 0.28% (SD 0.04%). In contrast, the GSE patients showed a mean recovery of 8.72% (SD 3.5%) and of 0.73% (SD 0.5%) for mannitol and lactulose, respectively. The mean JIM recovery ratio value was 0.022 (SD 0.007) in the control subjects and 0.084 (SD 0.054) in the patients (Table 3) .
Chromatograms of urine samples from a GSE patient taken before and 5 h after receiving the mannitollactulose solution are shown in Fig. 4 (2, 14, 16, 31, 32, 34) . We found that lower amounts were insufficient for good purification, whereas greater amounts greatly reduced the quantitative recovery of sugars. The recovery efficiency of 500 mg of resin per milliliter of urine was tested for a wide range of sugar concentrations (0.02-2.5 g/L). Recoveries were nearly 90% for each sugar, as described in Results. We also found that 1 mm of contact time between resin and urine was sufficient even if a longer period did not affect the recovery of sugars. This seems to be in contrast with a previous report (2, 14 
